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sidering the foundation as a whole. Permeability, solubility, and settlement
also should receive attention.

The bearing strength of foundation materials is quite variable. Except for
low dams on obviously strong rock and very low dams on obviously strong
sand or gravel the bearing strength should be carefully investigated by field
and laboratory tests. The use of building code or handbook values for foun-
dation strength should be discouraged in important structures.

In the case of solid rock, the making of laboratory tests is simple. Suitable
specimens are selected, dressed, and tested for crushing strength, modulus of
elasticity, and such other qualities as may be desired. Unfortunately, no
definite relationship has ever been established between the strength of labora-
tory samples and the strength of the foundation "en masse." It is doubtful
if any constant relationship exists.

Laboratory tests are normally conducted on small unconfined specimens.
Tests have shown that concrete test cylinders withstand greatly increased
axial compression when subjected to circumferential pressures during test.7
Similarly, the lateral pressure produced through the action of Poisson's ratio
within a perfectly confined foundation material may be expected to increase
ability to withstand vertical load. However, actual foundations even in
"good rock" are likely to be cracked and fissured at least to a minor extent,
and even minute openings may be sufficient to relieve lateral stresses caused
by expansion under load. If the rock contains obviously open seams it proba-
bly can be strengthened by thorough grouting, not only at the upstream face
for watertightness but also at other points of maximum stress. The efficiency
of such grouting in the development of lateral restraint is not known.

Summarizing, in a foundation consisting of a single solid rock mass, free
from any kind of jointing that could relieve lateral pressures caused by lateral
expansion under vertical load, the bearing strength is no doubt considerably in
excess of the laboratory strength and it may be permissible under favorable
circumstances to permit the working stress to approach the laboratory break-
ing strength. However, this should be done only under the advice of experi-
enced experts.

For a foundation of good, compact, but jointed rock, the conservative
designer usually will consider that the ultimate strength of the rock "en
masse" is not appreciably greater than the breaking strength of laboratory
samples, and will apply a safety factor of from 4 to 7 in selecting an allowable
working stress. Specimens selected for testing should be representative and
should not consist entirely of either the best or the poorest materials. Allow-
ance must be made for the fact that joint planes must necessarily be excluded
from laboratory samples.

Whether the maximum pressure in the foundation is equal to the inclined
pressure in the dam at the base or to the vertical pressure only is frequently
the subject of debate. Undoubtedly, stress conditions change rapidly in the

7 "A Study of the Failure of Concrete Under Combined Compressive Stresses," Univer-
sity of Illinois Bull. 185, 1928.